The porcine-specific polymerase chain reaction assay was developed to detect the presence of pork in raw meat either in pure or in a mixture with different meat species. A porcinespecific DNA fragment could be observed by using a porcine-specific primer designed based on a porcine specific sequence of mitochondrial D-loop gene. Amplification of porcine DNA produced 174 bp porcine-specific DNA fragment and no polymerase chain reaction products were detected when assay applied to DNA of other meat species confirming the specificity of the primers. The assay was able to detect as low as 0.1% (v/v) porcine DNA spiked on DNA of cattle, sheep, goat, chicken, and deer. Furthermore, a detection limit of 0.001 ng/µL porcine DNA showed the high sensitivity conferred by the developed porcine-specific polymerase chain reaction assay.
INTRODUCTION
For decades, meat and meat products have became a trade object and possess a high commercial value. Due to the increased international meat trade and high consumption demand, efforts to adulterate meat products have became widely prevalent. [1, 2] Adulteration in the sense of the addition or fraudulent substitution of undeclared animal species in meat products have raised consumers concern about the identity, composition, and quality of the food products they consume. It often involves substitution of high value raw materials with cheaper materials, which in return contribute to the increase of the profit. [3] The need for disclosure of adulterated meat products rely on several reasons. Improper and unreliable labeling of adulterated meat and meat products leads to health problems to consumers who experience sensitivity to certain animal species that are undeclared on the products label. [4] Religious belief is also another main factor that raised consumers concern. Several religions impose some food restrictions. For instance, pork and not ritually slaughtered meat are prohibited (haram) in Islam. Substitution of pork or its derivatives in place of other allowable (halal) meat is a serious matter because it affects the food sanctity and goes
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against the religious belief. [5] Pork is a potential source for adulteration of higher value meat, such as beef and lamb, due to their similarity in color and texture. [6] Furthermore, nowadays, mechanically recovered meats that are increasingly used in the food industry are prone to various forms of pork adulteration. [7] Thus, it is important to have a proper and reliable labeling, which also helps in fair-trade. However, it demands simple, specific, sensitive, and reliable analytical and authentication techniques to be employed in the detection of pork in meat and meat products.
Although some analytical tools based on infrared, fluorescence, [8] and atomic absorption spectroscopic [9] techniques have been developed, a wide range of analytical and authentication approaches to determine animal species in meat products are mainly based on protein or DNA analysis. Species differentiation using protein-based detection techniques usually employ the differences in specific electrophoresis pattern of the expressed protein in each animal species utilizing SDS-PAGE [10, 11] and liquid chromatography techniques. [12] On the other hand, immunological-based assay makes use of speciesspecific antigen-antibody interactions, which has the potential to be used in developing immunochromatographic strip tests. [13] [14] [15] [16] Alternatively, unlike the protein-based detection method, DNA-based detection techniques, such as DNA hybridization [17] and polymerase chain reaction-restriction fragments length polymorphic (PCR-RFLP) analysis [18, 19] allows for discrimination among closely related species, which is due to the degeneracy of DNA. [12] Besides, as compared to protein, which is mostly heat-labile, DNA is a relatively stable molecule towards heat and sterilization treatment allowing detection of highly processed meat products. [20] [21] [22] Tissue-specific protein expression and the loss of biological activity after an animal's death limit the potential application of the protein-based method. [23] These limitations can be overcome by the DNA-based detection method. The more sensitive DNA-based method, species-specific polymerase chain reaction using mitochondrial DNA is widely employed to determine animal species contained in the meat products. [24, 25] The specificity of species-specific PCR assay utilizing mtDNA assay lies on the development of conserved mtDNA primers without the need of further sequencing or digestion with restriction enzymes. [26] The use of mtDNA as a template in species-specific PCR assay confers several advantages over genomic DNA because it is several folds more abundant than that of the nuclear genome. [27] Therefore, the use of mitochondrial DNA as a target template and alternative to genomic DNA reduce the potential of having an insufficient DNA template for the assay. Mitochondrial DNA is maternally inherited and evolves much faster than nuclear DNA, thus, presenting more sequence diversity. [27] Hence, mtDNA has been always used in designing species-specific PCR assays. Among genes often being targeted in meat speciation are cytochorome b gene, [22, 28] 12S rRNA and 16s rRNA genes, [29] [30] [31] ATPase, [32] and D-loop gene. [33] A species-specific PCR assay utilizing mtDNA D-loop gene sequences has been developed for some animal species, such as chicken, duck, and pig. [33, 34] However, the detection limit of the assay has not further confirmed. [34] Mane et al. [35] developed a chicken specific PCR assay using mtDNA D-loop sequences which need to further confirmed with restriction enzyme digestion and the detection limit less than 1% has been demonstrated. In the present work, identification of porcine species in raw meat products was developed using new porcine-specific fragment of mtDNA D-loop gene. This project aims to develop simple, quick and precise technique with increased sensitivity that could successfully be used in routine halal authentication.
MATERIALS AND METHODS

Meat Samples
The fresh raw meat samples of pork, beef, chicken, chevon, venison, and mutton were purchased from local wet markets in Selangor, Malaysia. The samples were stored frozen at −20
• C until use to prevent enzymatic degradation of DNA.
DNA Extraction
Total DNA extraction using 25 mg of meat samples were performed using DNeasy ® Blood and Tissue Kit (Qiagen, Hilden, Germany) as per the instructions given by the manufacturer. The DNA concentration was estimated by spectrophotometric analysis using (BioPhotometer plusUV/Vis Photometer, Eppendorf, Germany) at 260 nm. The extracted DNA solution was stored in 4
• C until further use.
Primer Design
The published DNA sequences of mitochondrial D-loop from different species were retrieved from the National Center for Biotechnology Information (NCBI) GenBank. These sequences were aligned using ClustalW software (http://www.ebi.ac.uk/Tools/clustalw/) and the region showed a high degree of interspecies polymorphism, which were identified at positions of 910 to 1083 bp of the D-loop gene. A pair of porcine-specific primers were designed using Primer3 software (http://frodo.wi.mit.edu/primer3/). The program parameter was set to screen for primer of 18 to 24 nucleotides with a minimum guanine and cytosine content of 60%. The primers sequence (Sus-loopFWD: 5 -CACACCCTATAACGCCTTGC-3 , Sus-loopRVS: 5 -GATTGGCGTAAAAATCTAGGG-3 ) generated as stated in Table 1 were analyzed using BLAST (Basic Local Alignment Search Tool) software (http://www.ncbi.nlm.nih.gov) against a nonredundant nucleotide collection to ensure its species-specificity. Primers were purchased from Sigma-Aldrich (Selangor, Malaysia).
Gradient PCR Amplification of Porcine-Specific Fragment of D-Loop Gene
Gradient PCR amplification of a porcine-specific fragment in a D-loop gene was performed in a total volume of 25 µl; containing 1X PCR reaction buffer, 2 mM MgCl 2 , 2.5 units Taq DNA polymerase, 400 µM of dNTP mix, 0.4 µM of each primer, and 100 ng DNA extracted from pork. The cycling condition on a Mastercycler Gradient PCR (Eppendorf, Hamburg, Germany) were as follows: initial denaturation step at 93
• C for • C, 30 s at various annealing temperature range from 56
• C to 66.5
• C, extension at 72 • C), followed by final extension at 72
• C for 45 s. Negative control of the PCR reaction (PCR reaction mixture without template DNA and replaced with deionized distilled water) was included to ensure the purity of the PCR reaction mixture from contaminating DNA. Amplified products were analyzed by electrophoresis in 2% agarose gel with ethidium bromide staining and visualized using Florescence UV-Vis Imaging system (Alpha Innotech, Santa Clara, CA, USA).
Initial Primer Specificity Screening
Porcine-specific PCR assay was performed on the other meat samples, such as beef, chicken, chevon, mutton, and venison, using the same proportion of PCR reaction mixture as in the gradient PCR amplification. DNA extracted from beef, chicken, chevon, mutton, and venison were used as a PCR template. In each set of a meat species, reactions were carried out in six replicate including one negative control. The PCR was carried out using the optimized annealing temperature; initial denaturation step at 93
• C for 3 min, 35 cycles of amplification (30 s at 93
• C, 30 s at the optimized annealing temperature, extension at 72
• C), and followed by final extension at 72
• C for 45 s. Electrophoresis of PCR products was performed in 2% agarose gel containing ethidium bromide (0.5 µg/ml) at 75 volts in 1X TAE buffer (Tris-Acetate-EDTA buffer) and visualized using Florescence UV-Vis Imaging system (Alpha Innotech, Santa Clara, CA, USA).
Primers Specificity and Sensitivity Test
The specificity of the porcine-specific primers was confirmed by amplification of four series of binary DNA admixtures in which pork DNA was spiked on DNA of other meat species (beef, chicken, chevon, mutton, and venison) at a 0.1, 0.5, 1, and 5% level to produce a total of 100 uL 20 ng/µl of binary DNA admixtures. The binary DNA admixtures were then subjected to the porcine-specific PCR assay as described previously. On the other hand, the detection limit of porcine-specific primers was determined by amplification of a 1:10 serial dilution of pork DNA, in which 10, 1, 0.1, 0.01, 0.001, and 0.0001 ng DNA was separately added to the 25 µL PCR reaction mixtures.
RESULTS AND DISCUSSION
PCR Amplification of Porcine-Specific Fragment of D-Loop Gene
The sequence homology search of the porcine-specific primers (Table 1) using BLAST program shows significant homology to porcine species. It also confirmed that the primers are unique to porcine and do not share any sequence homology with species other than porcine. The expected size of porcine-specific markers was 174 bp. The D-loop sequence of mitochondrial genome was used in designing these porcine-specific primers. The hyper variability of the D-loop region, which is mostly due to the occurrence of indels and arrays of tandemly repeated sequences, makes it sufficient for species-to-species discrimination. [34, 36, 37] Besides, the D-loop region evolves usually more rapidly than the other mitochondrial protein coding region due to a lack of strong selective constraints. [38] A new porcine-specific primer was successfully designed based on 910 bp to 1,083 bp of D-loop sequence. The specificity and sensitivity of the porcine-specific primer was then further examined. Gradient PCR amplification of the porcine-specific D-loop fragment utilizing annealing temperature varying from 56
• C produces a PCR product of approximately 174 bp (Fig. 1) . Gradient PCR amplification is conducted to determine the optimum annealing temperature suitable for the assay utilizing the designed primers. Although the annealing temperature can be determined theoretically, the actual annealing temperature is often much higher than the calculated temperature as it is affected by the individual buffer components and primer-template concentrations. [39, 40] Besides, there is a need to do gradient PCR because the melting temperatures of the porcine-specific primers being designed are slightly different, which if not optimized, will drive amplification of the non-specific amplicon and affects the reproducibility of the results. In this experiment, no non-specific PCR product has been detected at all annealing temperatures showing that the primers are highly specific to the D-loop sequences. Amplification using 58.8
• C as annealing temperature produces a band with the highest intensity showing a high amount of targeted amplicon being generated. Thus, 58.8
• C was chosen as the annealing temperature for subsequent PCR assay employing the porcine-specific primers.
Specificity and Sensitivity of Porcine-Specific PCR Assay
This primer is specifically designed to detect the sequence of porcine D-loop DNA. Thus, the assay utilizing the porcine-specific primers was cross-tested on several animal species (cattle, sheep, goat, chicken, and deer). As expected, the 174 bp band, an amplicon specific to the porcine, was not produced in all other animal species tested (Fig. 2) . No other impurities, such as product degradation, primer-dimer, and contaminants, were observed. This concludes that the designed primer can only specifically amplify porcine DNA and exclude other animal species' DNA. The primers sequence mismatch with the D-loop sequences of cattle, sheep, goat, chicken, and deer and cause the primer to be unable to bind and amplify the specific fragments.
The assay was then applied to binary DNA admixtures in which cattle, sheep, goat, chicken, and deer DNA was spiked, respectively, with porcine DNA at five different levels (0.1, 0.5, 1.0, and 5%). PCR amplification with specific band of 174 bp size was detected in binary admixed DNA as few as 0.1% level of porcine DNA adulteration (Fig. 3) . This indicates high sensitivity of this method when comparing it with the results obtained by Chen et al. [41] and Rodriguez et al., [42] who reported a detection limit of 1% in DNA admixtures.
Sensitivity of the porcine-specific PCR assay was further determined by using a series of 1:10 diluted porcine DNA (10, 1, 0.1, 0.01, 0.01, 0.001, and 0.0001 ng DNA/ µl water) as a template. The high sensitivity conferred by the porcine-specific assay was proved by successful amplification of as few as 0.001 ng porcine DNA (Fig. 4) . As compared to porcine-specific assay developed by Matsunaga et al., [28] which achieve sensitivity of only 0.25 ng target DNA of raw meats, the present developed porcine-specific assay is more sensitive and confers a higher detection limit. In addition, the sensitivity of this conventional PCR-based assay is undeniable as it achieves the same or higher sensitivity conferred by real time PCR assay. For instance, the probe-based real time PCR assay developed by Rodriguez et al. [43] has a detection limit of only 0.01 ng target DNA, which is considerably lower than the present developed porcine-specific conventional-based PCR assay. The high sensitivity conferred by the present developed assay can be due to the small length of the targeted porcine-specific fragments because the primer will still be able to amplify short degraded DNA due to enzymatic degradation although it involves raw and unprocessed meats. Arslan et al. [44] developed a 271 bp marker based on mitochondrial DNA and successfully detected beef that undergo various forms of heat processing, such as boiling, roasting, and pressure cooking. However, a 439 bp marker being developed by Matsunaga et al., [28] which is also based on mitochondrial DNA failed to detect meat species after autoclaving at 120
• C for 30 min. This showed that the size of the marker plays an important role in the success of species determination in heat processed meat products. The smaller size marker increases the probability to amplify DNA of heat processed meat products, which may be already broken down to smaller pieces. In this work, the size of the target DNA fragment to be amplified is 174 bp, which is smaller than described by Arslan et al. [44] Therefore, although the present developed assay was not tested against heat processed pork, we hypothesized that the newly developed porcine markers can be capable for detection of pork in heat-processed meat products. This hypothesis, however, needed to be tested further.
The rapidity and sensitivity of the species-specific PCR make it very useful for routine analysis of Halal authentication. Despite that, a specific sequence can be detected very sensitively in a pool of sequences of different origins by using species-specific PCR. [37] The assays described here have the potential to be applied in detecting porcine for routine Halal food authentication. Since the sensitivity of the conventional-based porcine-specific PCR assay being developed is high, there is a possibility to get higher detection limit when applying the primer in real time PCR assay. This work, that describes a specific and sensitive qualitative detection of pork, will provide basic information in subsequent optimization and enhancement of the assay.
CONCLUSION
This study successfully developed a porcine-specific PCR assay based on mitochondrial D-loop DNA sequence for the detection of pork in raw meats either in pure or its mixture form. Among previously developed porcine-specific PCR assay based on a conventional method, the present developed assay offer an advantage in terms of its sensitivity. The data provided proves that the use of the designed pork-specific primers is reliable, reproducible, and specific method. Quantification of porcine DNA employing the developed pork-specific primers needs to further develop using SYBR Green real time PCR. In addition, it is beneficial for routine Halal authentication that requires sensitivity as high as possible.
